Co m have been experimentally determined for the first time and found to be more bound than predicted by extrapolations. The isobaric multiplet mass equation for the T = 2 quintet at A = 52 has been studied employing the new mass values. No significant breakdown (beyond the 3σ level) of the quadratic form of the IMME was observed (χ 2 /n = 2.4). The cubic coefficient was 6.0(32) keV (χ 2 /n = 1.1). The excitation energies for the isomer and the T = 2 isobaric analogue state in 52 Co have been determined to be 374(13) keV and 2922(13) keV, respectively. The Q value for the proton decay from the 19/2 − isomer in 53 Co has been determined with an unprecedented precision, Qp = 1558.8(17) keV. The proton separation energies of 52 Co and 53 Ni relevant for the astrophysical rapid proton capture process have been experimentally determined for the first time.
Masses of
Co, 52 Co m , 52 Fe, 52 Fe m , and 52 Mn have been measured with the JYFLTRAP double Penning trap mass spectrometer. Of these, 52 Co and 52 Co m have been experimentally determined for the first time and found to be more bound than predicted by extrapolations. The isobaric multiplet mass equation for the T = 2 quintet at A = 52 has been studied employing the new mass values. No significant breakdown (beyond the 3σ level) of the quadratic form of the IMME was observed (χ 2 /n = 2.4). The cubic coefficient was 6.0(32) keV (χ 2 /n = 1.1). The excitation energies for the isomer and the T = 2 isobaric analogue state in 52 Co have been determined to be 374(13) keV and 2922 (13) keV, respectively. The Q value for the proton decay from the 19/2 − isomer in 53 Co has been determined with an unprecedented precision, Qp = 1558.8 (17) keV. The proton separation energies of 52 Co and 53 Ni relevant for the astrophysical rapid proton capture process have been experimentally determined for the first time. 
I. INTRODUCTION
Assuming a charge-independent nuclear force, the isobaric analogue states (IAS) in an isobaric multiplet are degenerate. Their mass differences are due to Coulomb interaction and the neutron-proton mass difference. According to the Isobaric Multiplet Mass Equation (IMME) [1] , the masses of IASs in a mass multiplet with an atomic mass number A and isospin T should lie on a parabola:
M (A, T, T Z ) = a(A, T ) + b(A, T )T Z + c(A, T )T
where the coefficients a, b and c are interpreted as being the scalar, vector and tensor Coulomb energies. Highprecision Penning-trap mass measurements have offered new possibilities to investigate the validity of the IMME, and have revealed a breakdown in the quadratic form of the IMME in a few cases, such as for A = 8 [2] , A = 9 [3] , A = 21 [4] , A = 31 [5] , A = 32 [6, 7] , and A = 35 [8] . In general, however, the IMME seems to describe well the masses of isospin multiplets, and it has therefore been widely used to predict the masses of the most exotic members of the multiplets.
Sometimes the quadratic form of the IMME (Eq. 1) is not sufficient to describe the masses in an isobaric multiplet but a cubic (dT 3 Z ) or even a quartic coefficient (eT 4 Z ) is required. The T = 3/2 quartets have shown an interesting, increasing trend in the cubic IMME coefficients * dmitrii.nesterenko@jyu.fi when entering into the f 7/2 shell [9, 10] . On the other hand, the quadratic IMME at A = 53 has been recently revalidated with a reduced χ 2 of 1.34, and the cubic coefficient has been found to be rather small, d = 5.4 (46) keV [11] compared to d = 39 (11) keV obtained in Ref. [12] .
The T = 2 quintets have not been experimentally explored in the heavier mass region but could provide further insight into the possible trend in the cubic coefficients. In this paper, we have experimentally determined the masses for 52 Co, 52 Fe, and 52 Mn, which are members of the T = 2 isobaric quintet at A = 52 together with 52 Cr and 52 Ni. Previous IMME evaluations for the quintet have suggested that a large non-zero cubic coefficient, d = 28.8 (45) keV, might be required for the IMME [9, 10] . However, the test was not very stringent due to the lack of experimental mass values for 52 Co and 52 Ni. Thus, the mass of 52 Co, determined here experimentally for the first time, is pivotal for testing the IMME and investigating whether there is a trend towards larger cubic coefficients for nuclei in the f 7/2 shell forming T = 2 quintets.
In addition to the ground states of 52 Co, 52 Fe, 52 Mn, we have studied isomeric states in 52 Co and 52 Fe as summarized in Table I . The isomeric state of 52 Co is of special interest because it can be used to determine the mass of the T = 2 IAS in 52 Co. The current knowledge of the T = 2 IAS in 52 Co is based on β-decay studies of 52 Ni [13, 14] . Two prominent β-delayed proton groups with center-of-mass energies of 1057(11) keV and 1349(10) keV [13] have been observed from the IAS. Similar proton energies at 1048(10) keV and 1352(10) keV have been determined in a more recent work [14] . The proton peaks have been attributed to the decay of the IAS to the ground state and first excited states in 51 Fe known from in-beam γ-ray spectroscopy [15, 16] . The excitation energy of the IAS can thus be determined as a sum of the observed proton energy and the proton separation energy of 52 Co. On the other hand, the excitation energy of the IAS can be derived from the observed γ-γcascade (E γ1 = 2418.3(3) keV, E γ2 = 142.3(1) keV [13] ) from the IAS to the presumed β-decaying 2 + isomer in 52 Co. However, a discrepancy was found between the IAS energies of 52 Co derived from the proton and γ-decay data when tabulated mass values were applied for 52 Co and 52 Co m in Ref. [13] . The γ-γ-cascade to the isomeric state in 52 Co resulted in an IAS about 600 keV higher than the proton data leading to the ground state of 51 Fe. Therefore, it was proposed [13] that the ground state mass excess of 52 Co might be too high in the Atomic Mass Evaluation [17] . With our direct mass measurements of 52 Co and 52 Co m , we can now determine the excitation energy of the isomeric state, and therefore infer the excitation energy of the T = 2 IAS.
The masses of 52 Co and 52 Fe discussed in this paper were measured in conjunction with a post-trap spectroscopy experiment dedicated to the study of proton radioactivity from the 19/2 − isomer in 53 Co. It is the isomer from which the first observations of proton radioactivity were made about 45 years ago [21] [22] [23] . In this respect, the mass of 52 Fe is important as when combined with the former, precise mass measurements of 53 Co and 53 Co m [24] , as it provides a precise, external calibration point for proton-decay spectroscopy.
The nuclei studied in this work are also relevant for studies of the astrophysical rapid proton capture (rp) process occurring, for example, in type I X-ray bursts [25, 26] . The proton capture rates as well as their inverse photodisintegration reactions depend sensitively on the reaction Q values [27] . In particular, the ratios of 51 52 Mn a 40-MeV proton beam was applied. The reaction products were stopped in helium gas, extracted and guided towards the mass separator using a sextupole ion guide (SPIG) [29] before acceleration to 30 kV. A good fraction of the ions are singly-charged, and the mass number A = 52 could be selected using a 55
• dipole magnet. A gas-filled radio-frequency quadrupole cooler and buncher [30] cooled the ions and converted the continuous beam into narrow ion bunches which were injected into the JYFLTRAP double-Penning-trap mass spectrometer [31] . In the first trap, ions were cooled, centered and purified via a mass-selective buffer gas cooling technique [32] . The masses of ions with charge-to-mass ratio q/m were measured in the second measurement trap by determining their cyclotron frequency ν c = qB/(2πm) in a magnetic field strength B via a time-of-flight ion cyclotron resonance (TOF-ICR) technique [33, 34] .
The measurements of the ions of interest were sandwiched by similar measurements of the reference ion 52 Cr + , which were linearly interpolated to the time of the actual measurement of the ions of interest to determine the magnetic field strength. The atomic masses were derived from the cyclotron frequency ratio r = ν c,ref /ν c between the reference ion 52 Cr + and the ion of interest via m = r · (m( 52 Cr) − m e ) + m e . Ion-ion interactions were studied by performing countrate class analysis [35] for the determined frequencies, except for 52 Co and 52 Co m , for which it was not necessary since most of the bunches contained only one ion. No significant differences were observed when the count-rate class analysed frequency ratios were compared with the results obtained by restricting the number of ions to one to five ions/bunch. Thus, limiting the number of ions to one to five ions/bunch is sufficient to avoid possible frequency-ratio shifts due to ion-ion interactions for the present uncertainty level.
The uncertainties due to temporal fluctuations in the magnetic field, δB/B = 8.18(19) × 10 −12 /min×∆t[min] [36] were negligible compared with the statistical uncertainties of the measured frequency ratios. For mass doublets with the same A/q, the mass-dependent and systematic uncertainties resulting from field imperfections cancel in the frequency ratio [37] . The internal and external uncertainties of the measured frequency ratios [38] were compared and the ratio was found to be close to unity. The larger of the two values was used for the weighted mean of the frequency ratios.
For 52 Co, the trap cycle was kept as short as possible due to the short half-lives of 52 52 Mn + . The data for these nuclides were collected interleavedly [41] : after one frequency scan for the reference ion, a few frequency scans were collected for the ions of interest. This pattern was repeated as long as required for sufficient statistics (typically for a few hours). Such interleaved scanning reduces the uncertainties due to time-dependent fluctuations in the magnetic field considerably. Because of the high excitation energy of the isomeric state 52 Fe Fig. 2 .
For the cyclotron frequency measurements of 52 Mn, a Ramsey cleaning technique [42] was additionally applied to resolve the 6 + ground state and the 2 + isomeric state with excitation energy 377.749(5) keV [18] . A dipolar excitation pulse with a Ramsey pattern 5 ms (On) -25 ms (Off) -5 ms (On) in the second trap excited the motion at the modified cyclotron frequency of unwanted, isomeric-state ions, but the ions of the 52 Mn ground state were unaffected. Following this excitation step, only the ground-state 52 Mn + ions could pass through the 1.5-mm diaphragm back to the first trap for recooling and recentering before the actual mass measurement in the second trap.
III. RESULTS AND DISCUSSION
The results of the mass measurements are summarized in Table II . Detailed discussion related to the masses of 52 Co, 52 Fe and 52 Mn can be found from sections III A, III C, and III E, respectively. In addition, the results for the excitation energies of the isomer 52 Co m and the T = 2 IAS in 52 Co are discussed in section III B. The impact on the proton separation energy of 53 Co is explored in section III D. In section III F, the IMME for the T = 2 quintet at A = 52 is studied in detail. Implications for the rapid proton capture process are briefly discussed in section III G.
A. The masses of 52 Co and 52 Co m
The mass of 52 Co has never been measured before: only an extrapolated value was given for it in the Atomic Mass Evaluation 2012 (AME12) [43] . In this work, five cyclotron frequency ratios for the ground state and four ratios for the isomeric state were determined (see Fig. 3 ). The weighted means of the frequency ratios are 1.00043584 (14) 52 Co is more bound than predicted by the atomic mass evaluation. On the other hand, our experimental value for the 52 Co ground state is significantly higher than the estimation based on mirror symmetry and known β-delayed proton data, −34490(88) keV [44] .
B. Excitation energies for the isomer
52 Co m and the T = 2 IAS in 52 Co
Based on the ground and isomeric state masses measured in the experiment, an excitation energy of E x = 374(13) keV was determined for the isomer 52 Co m . This agrees well with the extrapolated value in the NUBASE 2012 evaluation, E x = 380(100)# keV [20] which is simply taken from E x = 377.749(5) keV [18] for the analog state in the mirror nucleus 52 Mn. The spins and parities for the lowest states in 52 Co have not been experimentally verified. Thus, we performed large-scale shell-model calculations with the full f p shell (t = 7) to study the lowest levels in 52 Co. The calculations were performed without isospin-symmetry breaking terms (ISB) for FPD6, GXPF1A and KB3G, as well as with ISB for KB3G (for details, see e.g. Ref. [45] ). All calculations are in line with a 6
+ ground state and a 2 + first excited (isomeric) state (see Fig. 4 ). However, [43] . The atomic mass excess value -55416.1(6) keV for 52 Cr [43] was taken to calculate the mass excesses of the studied nuclides from the frequency ratios. The mass-excess values from AME12 [43] are given in the fourth column. The differences between the JYFLTRAP and the AME12 mass values are given in the fifth column. all models have problems with producing the observed energy split between the 6 + and 2 + states. On the other hand, the experimental mirror energy differences between the 2 + and 1 + states in 52 Co and 52 Mn determined in this work, −4(13) keV and −31(13) keV, respectively, are in good agreement with the KB3G calculations including ISB terms, which yield differences of zero keV and −20 keV, respectively. The excitation energy of 52 Co m has important consequences for studying the T = 2 isobaric multiplet at A = 52. Namely, the excitation energy of the T = 2 IAS in 52 Co can be determined based on the γ-γ cascade from the T = 2 IAS to the isomer [13] : E IAS ( 52 Co) = E γ1 (2418.3(3) keV)+E γ2 (142.3(1) keV)+E( 52 Co m ) = 2934(13) keV. However, a recent experiment performed at GANIL [14] obtained a significantly different energy for the most intense gamma transition, E γ1 = 2407(1) keV, and a slightly smaller energy for the second transition, E γ2 = 141(1) keV. With these values, E IAS ( 52 Co) = 2922(13) keV is obtained (see Fig. 5 ). For both cases, the γ-γ cascade is taken to feed the (2 + ) isomer, i.e. 52 Co m .
On the other hand, the energy for the T = 2 IAS in 52 Co can be determined based on the proton separation energy of 52 Co and β-delayed protons observed from the IAS with center-of-mass energies of E p,CM = 1349(10) keV [13] and E p,CM = 1352(10) keV [14] . Our new ground-state mass for 52 Co results in a proton separation energy S p ( 52 Co) = 1418(11) keV, when the mass values for 51 Fe and 1 H are taken from Ref. [43] . Assuming the observed protons come from the IAS, the excitation energy should be E IAS ( 52 Co) = E p,CM + S p ( 52 Co) = 2767(15) keV [13] or 2770(15) keV [14] . Thus, the obtained excitation energy is 167(20) keV [13] or 152 (20) keV [14] lower than that obtained via the γ-γ cascade.
The difference of around 150 keV between the excitation energies of the IAS is much smaller than the excitation energy of the first excited state in 51 Fe, E x = 253.5(5) keV [46] . A missed γ-transition of around 150 keV in 51 Fe is also unlikely as it should have been observed in coincidence with the intense proton peaks. The discrepancy could be explained if the mass of 51 Fe was around 150 keV off in AME12 [43] . However, it is known with a precision of 9 keV and is based on two independent measurements [47, 48] . Hence, the observed protons are most likely emitted from a state below the IAS (see Fig. 5 ).
Thus, we obtain E IAS ( 52 Co)=2934(13) keV [13] for the excitation energy of the IAS in 52 Co, or E IAS ( 52 Co)=2922(13) keV, if more recent values from Orrigo et al. [14] are used. Both values are much closer to the excitation energy of the T = 2, 0 + mirror state in 52 Mn, E x = 2926.0(5) keV than what was obtained from the proton radioactivity data. The difference between Refs. [13] and [14] is mainly due to the discrepancy between the observed γ-transition energies, 2418.3(3) keV [13] and 2407(1) keV [14] . There is no clear explanation for the difference and a new measurement of the γ-γ cascade would be required to obtain a more accurate excitation energy for the IAS. 52 Fe m were determined (see Fig. 6 ). The weighted means of the frequency ratios, 1.0001464894 (28) Fig. 7 ). The excitation energy for the isomer, E x = 6960.7(9) keV, determined in this work differs by 2.7(10) keV from the literature value E x = 6958.0(4) keV [18] based on the observation of an E4 γ transitions from this 12 + yrast trap in 52 Fe [49] . It should be noted that the relative uncertainties of the measured frequency ratios, 2.8 × 10 −9 and 5.6 × 10 −9 for 52 Fe + and 52 Fe m+ , respectively, are much smaller than the relative uncertainty in the reference mass δm/m( 52 Cr) = 1.2 × 10 −8 . Therefore, the precision in the determined mass-excess values could be further improved via a more precise measurement of the reference 52 Cr.
FIG. 5. (Color online)
Partial decay scheme for the β + decay of 52 Ni with the proton separation energy Sp( 52 Co) and the excitation energy for the isomeric state 2 + from this work. All energies are in keV. The energies for the γ transitions (shown in blue) and the proton energy Ep are taken from Ref. [13] and [14] (in curly brackets). The energies for the 1 + state and the IAS are based on our value of Ex( 52 Co m ) and the γ-transitions from Refs. [13] and [14] (in curly brackets). The parameters of levels in 51 Fe are taken from Ref. [46] . The proton line highlighted in red was previously thought to originate from the IAS but this work has shown it comes from a state lower than the IAS. [43] but about four times more precise. Our value for the energy of the protons emitted from 53 Co m is around 20 times more precise than obtained via proton-decay experiments E p,LAB = 1530(40) keV [21] , E p,LAB = 1570(30) keV [22] , and E p,CM = 1590(30) keV [23] ). Thus, we have demonstrated that Penning-trap measurements can provide precise calibration values for chargedparticle spectroscopy.
E. The mass of 52 Mn
A frequency ratio r = 1.0000973119(13) was derived as a weighted mean of 24 individual cyclotron frequency ratios for 52 Mn + (see Fig. 8 ). This yields an atomic mass-excess value of −50709.97(59) keV for 52 Mn. The JYFLTRAP value is 3(2) keV higher than the AME12 value (−50706.9(19) keV [43] ) but three times more precise. The AME12 value is mainly based on a Q-value measurement of 54 Fe(d, α) 52 Mn [53] which gives a massexcess value of −50706.4(23) keV. In fact, 52 Mn is an example of a nuclide close to stability whose mass has not been determined with modern techniques. The observed difference to the AME12 value shows that it is worthwhile to check such mass values which are based on measurements performed decades ago. Although our new value disagrees with Ref. [53] , it is in a rather good agreement with other, less precise experiments done on 52 Mn (see Fig. 9 ). Of these, the β + decay of F. The IMME for the T = 2 quintet at A = 52
The IMME was studied for the T = 2 quintet at A = 52 using the mass values for 52 Co m , 52 Fe, and 52 Mn determined in this work together with the mass values of 52 Cr and 52 Ni adopted from AME12 [43] as summarized in Table III. Our mass-excess value for the isomer 52 Co m and the energies of the γ-γ cascade observed from the IAS in Ref. [14] (see Sect. III B) were used for the mass excess of the IAS in 52 Co. The excitation energy of the T = 2 IAS in 52 Fe, 8561(5) keV [18] , is based on a study employing the 54 Fe(p, t) reaction [60] , where a doublet of two 0 + levels separated by around 4 keV were observed. For 52 Mn, the IAS at 2926.0(5) keV [18] has been identified in many experiments with the main contribution coming from a 52 Cr(p, nγ) study [61] where 2379.5(5) keV γ-rays from the IAS to the 1 + state at 546.438(6) keV were observed. The results for the error-weighted quadratic and cubic fits for the IMME are given in Table IV . The reduced χ 2 of 2.4 for the quadratic fit is well above one. However, the cubic coefficient d = 6.0(32) keV is within the ±3σ limit from zero and, thus, compatible with zero. We checked the quadratic fit also without 52 Ni, which is based only on the extrapolation of the mass surface [43] . A slightly higher reduced χ 2 value, χ 2 /n = 3.3, and a cubic coefficient of d = 5.8(32) keV were obtained in this instance. If a quartic term eT 4 Z is assumed instead of a cubic term, a coefficient e = 2.9(18) keV is obtained, again consistent with zero.
Previously, a non-zero coefficient d = 28.8(45) keV and unstable behavior of coefficient c from quadratic to cubic fits were observed [9] . We can now confirm that these have been due to erroneous data used in the fits. Prior to this experiment, it was assumed that protons with E p,CM = 1352(10) keV [14] originate from the T = 2 IAS in 52 Co. Using the mass-excess values of 51 Fe and 1 H from AME12 [43] together with the proton energy, a mass-excess value of −31561(13) keV for the IAS in 52 Co is obtained. This differs by 152 (17) keV from the value determined in this work. For comparison, we performed similar IMME fits using the AME12 data for the groundstate masses and −31564(13) keV for the IAS in 52 Co. The reduced χ 2 for the quadratic fit was 18.9 and the cubic coefficient d = 29.3(48) keV. Figure 10 shows differences between the mass-excess values and the quadratic and cubic fits for the dataset determined in this work and with the AME12 values (assuming that the 1349-keV protons originate from the IAS). Clearly, a better agreement is achieved with our data. The fits of the new dataset also suggest that the mass-excess value for 52 Ni might be higher, meaning it could be less bound than predicted in the AME12.
The cubic coefficients for the T = 3/2 quartets and T = 2 quintets have been plotted in Fig. 11 . Earlier, a trend of increasing cubic coefficients after entering the f 7/2 shell has been observed. However, a recent observation of γ-rays from the IAS in 53 Co following the β decay of 53 Ni showed that the IAS is lower than anticipated by β-delayed proton data from Ref. [13] . With the new excitation energy, the cubic coefficient for the A = 53 quartet is d = 5.4(46) keV [11] , and thus does not suggest a breakdown in the IMME. In this work, we obtained a very similar cubic coefficient for the T = 2 quintet at A = 52, d = 6.0(32) keV, and confirmed that the intensive betadelayed proton group observed in the beta-decay of 52 Ni [13, 14] does not originate from the IAS in 52 Co but from a state below it. This is also understandable since the beta-delayed protons from the T = 2 isobaric analogue state decaying to the ground state of 51 Fe (T = 1/2) are isospin-forbidden, and thus, the proton-branch from the IAS should be rather small as it is possible only via isospin mixing between the T = 1 and T = 2 states in 52 Co or T = 1/2 and T = 3/2 states in 51 Fe, respectively. In conclusion, there is no evident change in the cubic coefficients after entering the f 7/2 shell. Although the coefficients are on the order of some keV, they are still compatible with zero within the ±3σ limit. The mass determination of the most exotic member of the T = 2 multiplet at A = 52, 52 Ni, would be crucial to provide a more stringent test of the IMME at the heavier mass region.
G. Implications for the rapid proton capture process
The rp process proceeds along nuclei close to the N = Z line mainly via proton captures and β + decays, Table IV ) or from AME12, using the masses of 51 Fe and 1 H together with the Ep,CM = 1349(10) keV from [13] for the IAS in 52 Co. resulting in a thermonuclear runaway and a sudden release in energy observed, for example, in type I X-ray bursts [25, 26] . Proton-capture Q values are essential for modeling the rp process as they determine the path: the ratio of inverse photodisintegration reactions to the total proton-capture rate (λ γ,p /N A σv ) depends exponentially on the proton-capture Q values. Those can have a significant effect as demonstrated in Ref. [27] . [43] , respectively. In other words, 52 Co is around 340 keV more proton bound and 53 Ni less proton bound than expected from the extrapolations of the mass surface in AME12.
In Fig. 12 we show the effect of the new Q values on the photodisintegration versus proton capture rate ratio. With the new Q values, the route via 52 Co is more likely than before as 52 Co is more proton-bound. For example, when the experimental Q value is used instead of the extrapolated AME12 value, photodisintegration rates on 52 Co are suppressed by a factor of around 50-3000 compared to the proton-capture rates on 51 Fe at temperatures below 1 GK. Although more detailed rp-process calculations would be needed to find out the effect on the whole rp process, the big change in the 52 Co mass value significantly changes the calculations related to the proton captures and photodisintegration reactions involving 52 Co.
IV. CONCLUSIONS AND OUTLOOK
In this work, we have performed direct mass measurements of 52 52 Co is significantly lower than that obtained via extrapolations in the AME12 showing that it is more bound than expected. The obtained excitation energy of the isomer, E x = 374(13) keV, is in good agreement with its analog state in 52 Mn with E x = 377.749(5) keV [18] . Based on isospin symmetry and supported by shell-model calculations, we assume I π = 2 + for the isomeric state. An important consequence of the mass measurements of the 52 Co ground and isomeric states is that the mass for the T = 2 IAS can be determined using data from β decay of 52 Ni [13, 14] . We have found that the protons assumed to originate from the IAS in Ref. [13] must come from a state at around 2770(15) keV in 52 Co, which is significantly lower than the excitation energy determined for the IAS in this work, E x = 2922(13) keV, based on the observed γ-γ cascade [13, 14] from the IAS to the (2 + ) isomeric state in 52 Co. The new excitation energy for the IAS agrees well with the analogue state in the mirror nucleus 52 Mn, 2926.0(5) keV. It is interesting that the IAS seems to decay only via γ transitions since the proton decays are isospin-forbidden, whereas the state below it has a substantial proton branch but no observed γ transitions. In the future, further experiments to confirm the state from which the observed protons come from are needed. In addition, the discrepancy between the measured γ-transition energies of 2418.3(3) keV [13] and 2407(1) keV [14] should be studied to improve the accu- 53 Ni, which affect rp-process calculations. Since 52 Co has been found to be more bound than predicted in AME12, photodisintegration reactions on 52 Co are not so dominant as previously predicted, thus making it more likely that the rp process proceeds via 51 Fe(p, γ) 52 Co. Finally, we have thoroughly studied the IMME for the T = 2 quintet at A = 52 using the new mass values determined in this work. The quadratic fit results in χ 2 /n = 2.4, which corresponds to around 10 % probability that the quintet can be described with a parabola. However, the cubic coefficient, d = 6.0(32) keV does not support a breakdown in the IMME. The cubic coefficient is significantly lower than obtained in the previous IMME evaluation, d = 28.8(45) keV [9] , and close to the value recently determined for the T = 3/2 quartet at A = 53 [11] . The new value does not suggest a trend of increasing cubic coefficients when entering the f 7/2 shell. In the future, a mass measurement of 52 Ni would provide a possibility for a more stringent test of the IMME at A = 52. 
